Superantigens (SAgs) are a unique class of potent immunoregulatory molecules that are produced by bacteria, viruses, and mycoplasmas (1, 5, 13, 36, 63, 70) . They are presented directly to T cells in association with various class II major histocompatibility complex molecules on accessory cell surfaces, usually without the need for processing (8, 22, 27) , and are recognized predominantly by T cells bearing specific V␤ chain segments of the T-cell receptor for antigen (TCR) (31, 34, 41) . Since recognition is dependent upon fewer restricting elements than are required for traditional antigens, large numbers of naive T cells may be activated. This response contributes to the marked inflammation seen after in vivo administration of SAgs, which has clear implications for disease pathogenesis.
The Mycoplasma arthritidis-derived SAg, M. arthritidis mitogen (MAM), is secreted by an organism (11) that spontaneously or experimentally can induce acute and chronic forms of arthritis in rodents (18) . MAM is in many respects a typical SAg (9) , although it is phylogenetically unrelated to other known bacterial or viral SAgs (14) . However, as for selected other SAgs (48) , bridging between B cells and T cells can also lead to B-cell differentiation (20) , and MAM can also directly activate macrophages and natural killer (NK) cells (3, 23, 24, 53) . MAM also has a number of other unique features that differentiate it from other bacterial SAgs, including its strong preference for H-2E␣ or HLA-DR␣ molecules rather than H-2A or HLA-DQ for presentation to T cells (10) . It was recently shown that MAM, unlike other bacterial SAgs, also has contact points with the third complementarity-determining region (CDR3) of the TCR (32) . Another major difference is that in proliferation assays MAM is 10 3 -to 10 4 -fold more effective for murine cells than are the staphylococcal SAgs in respect to the doses required to induce maximal lymphocyte proliferation (15) .
Cytokine profiles elicited by microorganisms and their products play a key role in disease expression in their natural hosts. The exposure of a normal host to an infectious agent ultimately results in the acquisition of protective immunity or immunopathology. Cytokines represent the principal regulators of the immune system. The preferential activation and expansion of CD4 ϩ T cells producing a restricted set of cytokines allow their subdivision into two major subsets: Th1 and Th2 cells (26, 46, 47) . Th1 cells, which secrete interleukin-2 (IL-2), gamma interferon (IFN-␥) and tumor necrosis factor alpha (TNF-␣), are responsible for phagocyte-dependent protective immunity and tissue injury in many organ-specific autoimmune diseases. Th2 cells, which produce IL-4, IL-5, IL-10, and IL-13, are involved in the development of allergies and in defense against helminthic parasites. IL-6 is one of the earliest factors that trigger the differentiation of naive T cells into effector Th2 cells in vitro (51) . Individual CD4 ϩ T cells which may exhibit complex and quite heterogeneous patterns of cytokine production but are not characteristic of either subset have been classified as Th0 cells (35) .
Cytokine responses that resemble Th1 or Th2 responses, but are not necessarily made by CD4 ϩ T cells, are referred to as type 1 or type 2 cell-mediated immune responses, respectively. Indeed, this is a more diverse set of effector mechanisms, consisting of a large variety of cell types, including antigenactivated macrophages, IFN-␣/␤-activated NK cells, cytolytic
CD8
ϩ T cells, and neutralizing antibodies (often with Th1 isotype patterns). Both IL-10 and IL-4 are strong inhibitors of IFN-␥ synthesis, and conversely, IFN-␥ inhibits IL-10 production. This may in part explain why cell-mediated and humoral immune responses are ultimately often observed to be mutually exclusive.
IL-12 is a heterodimeric cytokine, composed of two subunits (p40 and p35), which is produced predominantly by activated monocytes/macrophages, B cells, and other accessory cell types, causes the induction of IFN-␥ synthesis as well as augmentation of NK cell cytotoxicity and cytotoxic T-cell proliferation and function. Most importantly, IL-12 induces the development of Th1 cells in vitro and in vivo. IL-12 production is induced by many microbial products, including lipopolysaccharide (LPS) and lipoproteins. IL-12 is therefore a major modulator of inflammation and immune responses and is likely to play a significant role in the pathogenesis of infectious and autoimmune diseases (65) .
Evidence has been obtained that lethal toxicity and dermal necrosis induced by live M. arthritidis may be influenced by MAM. Thus, inbred and congenic mice whose splenocytes are strongly activated by MAM are susceptible to these conditions, whereas mice whose lymphocytes are poorly reactive with MAM are resistant. The degree of reactivity to MAM was largely dependent upon expression of a functional H-2E major histocompatibility complex molecule which is preferentially used by MAM for presentation to T cells. However, the association of reactivity to MAM in vitro and susceptibility to arthritis was less clear, since high reactivity to MAM did not necessarily predict high susceptibility to arthritis (16) .
Previous work by us had demonstrated that the intravenous (i.v.) injection of MAM into the BALB/c mouse, a strain that was fairly resistant to arthritis (17) but highly responsive to MAM in vitro, resulted in inhibition of lymphocyte proliferation in vivo (19) . This anergic response was restricted to T cells bearing MAM-reactive V␤ chain segments but could be transferred to cells from naive mice by a CD4 ϩ , CD8
Ϫ subset of lymphocytes (19) . We also showed that MAM reduced the ability of splenocytes to secrete IL-2 in response to rechallenge with MAM but increased the production of IL-4 and IL-6. Work with other bacterial SAgs, which has also largely been conducted using the BALB/c mouse strain, has resulted in similar findings and has led to the belief that SAgs characteristically lead to a state of anergy following administration in vivo to mice and direct the cytokine profile toward a type 2 response (28) .
In the present communication, we tested the cytokine profiles in response to MAM in vitro and in vivo in mouse strains that differ in their susceptibility to the arthritogenic effects of M. arthritidis. Whereas the arthritis-resistant BALB/c mouse, whose lymphocytes are highly activated by MAM in vitro, elicits a type 2 cytokine profile in response to rechallenge with MAM in vivo, the C3H/HeJ mouse, which is susceptible to mycoplasmal arthritis (16) , produces overexpression of IL-12 and a type 1 inflammatory response to MAM in vivo. Thus, MAM elicits different cytokine profiles in different strains of mice, and these profiles may predict susceptibility to mycoplasma-induced disease. MAM. Native MAM (nMAM) was prepared as described previously (4). nMAM was electrophoretically homogeneous, and the leading and trailing edges of the collected peak after alkyl Superose chromatography exhibited identical N-terminal sequences by Edman degradation and showed no signs of other proteins. M. arthritidis does not contain LPS (61) , and the nMAM preparations used in this study failed to induce lymphocyte proliferation in splenocytes from LPS-reactive but non-MAM-reactive SJL mice (H-2 s ). Similarly, nMAM failed to induce any cytokine activity in SJL splenocyte cultures in vitro (15) Cell culture and induction of cytokines. Single cell suspensions of lymphoid cells were prepared from pooled spleens of at least three mice. Erythrocytes in the single cell suspensions were lysed by brief treatment with sterile 0.83% (wt/vol) ammonium chloride solution. Subsequently, the cells were washed three times and resuspended at a density of 10 7 cells/ml in 24-well plates (Corning Class Works, Corning, N.Y.). The culture medium consisted of RPMI 1640 supplemented with 1% Nutridoma-NS (Boehringer Mannheim Biochemicals, Indianapolis, Ind.), antibiotics, 2 mM L-glutamine, and 5 ϫ 10 Ϫ5 M 2-mercaptoethanol. For in vitro induction of cytokines, duplicate suspensions of splenocytes were activated by the addition of 0.1 to 100 ng of MAM per ml, and supernatants were collected after 24 h of incubation at 37°C in a 5% CO 2 humidified incubator. Supernatants were harvested, clarified by centrifugation at 500 ϫ g for 10 min, and stored at 4°C until assayed for specific cytokine content.
MATERIALS AND METHODS

Mice
For in vivo priming studies, MAM at doses of 0.1 to 100 ng/mouse was injected i.v. into BALB/c or C3H/HeJ mice. Control mice were given an injection of phosphate-buffered saline (PBS) i.v.. After 90 min, 24 h, or 72 h, mice were bled by cardiac puncture, the sera were collected for cytokine assays, and the splenocytes were cultured in vitro in the presence or absence of MAM (0.4 ng/ml).
Determination of cytokine levels by ELISA. Cytokines in test supernatants were quantitated in duplicate wells by a capture enzyme-linked immunosorbent assay (ELISA), using a modification of the method of Schumacher et al. (57) . Briefly, 100-l portions of cytokine-specific capture monoclonal antibodies (PharMingen, San Diego, Calif.) were added to the wells of 96-well microtest plates at a concentration of 1 to 4 g/ml in the coating buffer solution (0.1 M NaHCO 3 , pH 8.2). Following extensive washing and the blocking of reactive sites on the plastic with PBS containing 20% fetal calf serum, test supernatants and twofold serial dilutions of appropriate reference cytokines (100 l) were added. After an overnight incubation and washing, 100-l portions of the biotinylated cytokine-specific detecting antibodies, at concentrations of 0.5 to 1 g/ml, were also added to each well. The ELISA was developed with avidin-conjugated horseradish peroxidase and 2,2Ј-azino-bis(3-ethylbenzthioline-6-sulfonic acid) (ABTS) substrate (Sigma, St. Louis, Mo.). Optical density reading was performed at 405 nm with a model 3350-UV 96-well microtest plate spectrophotometer (Bio-Rad, Hercules, Calif.). Cytokine concentrations are reported in picograms per milliliter. The sensitivity for detection of these cytokines was 15 to 30 pg/ml.
RT-PCR for the identification of IL-12 p40 mRNA. RNA was prepared by the method of Chomczynski and Sacchi (6), and reverse transcription-PCR (RT-PCR) was performed as previously described by Mu et al. (49) . PCR was carried out with a DNA thermal cycler 480 (Perkin-Elmer Cetus, Emeryville, Calif.). PCR conditions were as follows: denaturation, 94°C for 1 min; annealing, 59°C for 30 s; and elongation, 72°C for 30 s. Sixteen cycles were performed for ␤-actin, and 28 cycles were performed for IL-12 p40. Gene-specific sequences were derived from GenBank submissions. The oligonucleotides used for these analyses have been published previously (62) .
Measurement of IgG2a and IgG1 levels in serum. Sera were obtained from mice at day 7 after injection of MAM. Immunoglobulin G2a (IgG2a) and IgG1 were determined by ELISA on microtiter plates coated with rat anti-mouse IgG2a and IgG1 (PharMingen) at a concentration of 2 g/ml. Dilutions of serum were added to the wells, unbound sample was washed off, and the amount of bound murine immunoglobulin was detected by the addition of biotinylated IgG2a-or IgG1-specific antibodies, at concentrations of 0.5 g/ml, to each well. The ELISA was developed and read as described above for cytokine assays. A simple linear regression analysis of the immunoglobulin titration-generated reference curve was used to extrapolate the amount of specific antibody contained in the test samples. These data are reported in micrograms per milliliter.
Induction and evaluation of arthritis induced by M. arthritidis. M. arthritidis strain 14124P10 (29) was grown in modified Edward broth medium consisting of pleuropneumonialike organism broth (Difco Laboratories, Detroit, Mich.) supplemented with 15% heat inactivated horse serum, 2.5% yeast extract (Gibco BRL, Grand Island, N.Y.), 0.2% L-arginine HCl, and 500 U of penicillin G (16) per ml, and harvested by centrifugation at 27,000 ϫ g for 30 minutes. After washing in Difco broth alone, the organisms were resuspended in PBS containing 5% sterile sucrose. Suspensions were frozen at Ϫ70°C, and an aliquot was thawed and quantified for CFU. Female BALB/c and C3H/HeJ mice, 8 to 10 weeks of age, were injected i.v. in groups of six with 1 ϫ 10 8 or 2 ϫ 10 7 cfu of M. arthritidis. Mice were examined for severity of arthritis from 3 to 28 days postinjection. Ankles and wrists were each scored from 0 to 4, and metatarsals and digits or metacarpals and digits also received combined scores of 0 to 4 per extremity. The total maximal score per mouse was 32. The results were expressed as means Ϯ standard errors of the means (SEM).
Statistical analysis. Concentrations of cytokines and immunoglobulins are shown as means Ϯ SEM. Student's t test was performed using the Statview program (BrainPower, Inc., Calabasas, Calif.). A P value of less than 0.05 was considered significant. Analysis of variance was used to determine the significance of differences between mouse strain susceptibilities to arthritis induced by M. arthritidis.
RESULTS
Influence of mouse strain on in vitro cytokine responses to MAM. Previous studies had suggested that BALB/c mice were more resistant to arthritis induced by M. arthritidis than were C3H mice. Since both of these strains give a high proliferative response to MAM due to presence of H-2E␣ and possess a full complement of MAM-reactive TCRs, dose-response experiments were conducted in vitro to compare cytokine responses to MAM. Normal splenocytes from BALB/c and C3H/HeJ mice were stimulated with MAM (0.1 to 100 ng/ml) for 24 h, and supernatants were assayed for representative type 1 (IL-2, IFN-␥, and TNF-␣) and type 2 (IL-6 and IL-10) cytokines. The results given in Fig. 1 show that activated splenocytes from BALB/c and C3H/HeJ mice produce similar levels and profiles of all cytokines following 24 h of in vitro activation, irrespective of dose. Cytokines were detectable with doses of as low as 0.1 ng of MAM/ml and were maximal at 10 to 100 ng/ml. We next conducted experiments to determine whether in vivo differences between these strains in their response to MAM might relate to previous findings on susceptibility to M. arthritidisinduced arthritis.
Early serum cytokine levels in response to MAM in vivo. BALB/c and C3H/HeJ mice were injected i.v. with MAM at doses of 1, 10, or 100 ng or with PBS. After 90 min, the mice were exsanguinated and the sera were collected for assays. The cytokines IL-2, IL-4, IL-6, IL-10, IFN-␥, and TNF-␣ were assayed as described in Materials and Methods.
As expected, mice injected with PBS failed to produce significant levels of serum cytokines (Fig. 2) . Furthermore, supernatants from splenocytes that were collected 90 min after injection and incubated for 24 h in the absence of inducer were also free of detectable cytokines (data not shown). However, 90 min after injection of MAM, levels of all cytokines in serum were greatly increased in a dose-dependant fashion (Fig. 2) . Cytokines were detectable following injection with as little as 1 ng of MAM/mouse. Although BALB/c mice injected with 100 ng of MAM showed somewhat elevated serum IL-2, IL-4, and IL-10 levels (P Ͻ 0.05) in comparison with C3H/HeJ mice, the levels of IL-6 and IFN-␥ were similar in the two strains. By 24 h, serum cytokine levels had largely subsided (data not shown).
Inducible in vitro cytokines differ in different mouse strains after in vivo exposure to MAM. When splenocytes from MAMinjected mice were rechallenged in vitro with a second dose of MAM (0.4 ng/ml), there were striking differences in the inducible cytokine profiles between C3H/HeJ and BALB/c mice ( Fig. 3 and 4) . These differences appeared to be dependent upon the duration of in vivo exposure to MAM. Splenic cells taken from both C3H/HeJ and BALB/c mice injected with MAM 90 min previously and challenged in vitro showed some increase in IL-2, IFN-␥, and IL-6, but levels of TNF-␣ were largely unchanged compared with those in mice receiving PBS. In contrast, whereas the levels of IL-4 and IL-10 were very low in C3H/HeJ supernatants, they were markedly elevated in BALB/c supernatants (Fig. 3) .
The most striking divergence in the abilities of BALB/c and C3H/HeJ splenocytes to respond to MAM upon in vitro challenge occurred when the splenocytes were harvested after 24 h (Fig. 4) or 72 h (Fig. 5 ) of exposure to MAM. Thus, with increasing in vivo MAM doses, IL-2, IFN-␥, and TNF-␣ levels in C3H/HeJ cell supernatants were all elevated, whereas they were markedly depressed or showed no increase in BALB/c supernatants. In contrast, levels of IL-4, IL-6, and IL-10 were all markedly increased in BALB/c cell cultures but were decreased or remained low in C3H/HeJ supernatants (P Յ 0.05). Doses of as low as 1 ng of MAM/mouse were usually sufficient to induce a profound change in inducible cytokine profiles, but these changes were optimal with the higher doses of MAM. The results indicate that MAM commits the cytokine profile to a type 1-like response in C3H/HeJ mice but to a type 2-like response in BALB/c mice.
Elevation of IL-12 p40 product in serum and gene expression in splenocytes in MAM-injected C3H/HeJ mice. A large number of reports have documented a key role for IL-12 in the induction of type 1 immune responses (2, 33, 40, 65) . In view of the described observations, we tested whether there were differences in IL-12 mRNA expression or serum IL-12 protein in C3H/HeJ versus BALB/c mice after injection of MAM. Spleens were obtained from C3H/HeJ and BALB/c mice at 90 min and 6 h after injection of MAM (10 ng/mouse). Spleen fragments were immediately frozen in liquid nitrogen, and mRNA was prepared for RT-PCR analysis. Six hours after injection of 10 ng of MAM/mouse, much less IL-12 p40 mRNA was detectable, as analyzed by RT-PCR, in splenocytes of BALB/c mice than in samples obtained from C3H/HeJ mice receiving same dose of MAM (P Ͻ 0.04) (Fig. 6) . Additionally, 90 min after injection of MAM (10 ng/mouse), serum IL-12 levels, as determined by ELISA for IL-12 p40, were greatly elevated in both BALB/c and C3H/HeJ mice (P ϭ 0.1). However, 12 h after injection of MAM, serum IL-12 p40 remained high in C3H/HeJ mice injected with 10 ng of MAM/mouse as compared to IL-12 levels in BALB/c mice receiving the same treatment (P Ͻ 0.05) ( Table 1) .
MAM enhances the IgG2a response in C3H/HeJ mice but not BALB/c mice. Cytokines play a very important role in immunoglobulin isotype selection in vitro and in vivo (25) . In the mouse, IL-4 preferentially augments IgG1 and IgE antibodies, whereas IFN-␥ preferentially induces switching to IgG2a and IgG3 antibodies.
Hence, IgG2a was used as a marker for type 1 responses induced by MAM, while the titers of IgG1 reflect type 2 responses. The expression of IgG isotypes (Fig. 7) in both mouse strains after injection of MAM was assessed. Total IgG1 and IgG2a concentrations were measured over a period of 33 days after injection of MAM. Serum IgG1 levels increased slightly in response to MAM, but there was no significant difference between the two mouse strains. However, the total IgG2a response of mice injected with MAM was significantly higher in C3H/HeJ mice than in BALB/c mice from day 7 (Fig. 7) , and this difference was present through day 33 (data not shown), when the experiment was terminated.
Susceptibility of BALB/c and C3H/HeJ mice to arthritis induced by M. arthritidis. Because of the potential genetic drift of mouse strains tested many years previously for susceptibility to arthritis induced by mycoplasmas, we repeated the earlier observations using BALB/c and C3H/HeJ mice of the same age and source as those that were used for determination of the cytokine responses to MAM. Arthritis scores obtained after an i.v. injection of 10 8 CFU of M. arthritidis/mouse over a 1-month period are shown in Fig. 8 . Disease severity was significantly greater at all time periods in C3H/HeJ mice than in BALB/c mice (P Յ 0.02), although the incidence of arthritis was 100% in both groups. Disease onset was also more rapid and persisted longer in the C3H/HeJ group. Mice given lower doses of organisms (2 ϫ 10 7 /mouse) exhibited similar differences in disease severity (data not shown), with only 33% of BALB/c mice developing arthritis (mean maximum score of 0.3) and a 100% incidence in the C3H/HeJ group (mean maximum score 
DISCUSSION
SAgs are known to modify host immune systems and are increasingly thought to play a role in both infectious and autoimmune diseases (38, 56, 64) . Three main findings have arisen from the present studies. First, in vitro cytokine profiles induced by the mycoplasma SAg MAM in splenocyte cultures from different strains of mice do not predict their in vivo effects. Second, the in vivo cytokine profile in response to MAM differs in different strains of mice, and the patterns exhibit a distinct time dependency. Third, there is an association between susceptibility to arthritis induced by M. arthritidis and the type of cytokine profile elicited in vivo by its SAg MAM. Thus, the arthritis-susceptible C3H/HeJ mouse produces a type 1 inflammatory cytokine response to MAM, whereas the arthritis-resistant BALB/c mouse produces an arthritis-protective type 2 profile in response to MAM.
We and others (3, 7, 52, 53) have previously shown that MAM induces diverse cell types to produce a wide variety of cytokines in vitro. In the present studies, both type 1 (IL-2, IFN-␥, and TNF-␣) and type 2 (IL-4, IL-6, and IL-10) cytokines were induced in 24-h murine splenic cell cultures by using MAM concentrations from 0.1 to 100 ng/ml. Neither the cytokine profiles nor the relative levels of each cytokine produced differed between BALB/c and C3H/HeJ mice. Maximum levels were obtained with 10 to 100 ng of MAM per ml, and 50% of the maximal response occurred at about 1 ng/ml. These results were in striking contrast to the data from subsequent in vivo studies.
Importantly, we observed a pronounced time-dependent polarization of the cytokine profiles in C3H/HeJ versus BALB/c mice in response to the in vivo administration of a single dose of MAM of as low as 1 ng/mouse. The change in profiles with time likely reflects the change from an early innate to an adaptive immune response. Cytokines were rapidly produced and measurable in sera reflecting the early macrophage, NK cell, and B-and T-cell responses. The two mouse strains were not markedly different in this early response, although levels of the type 2 cytokines IL-4 and IL-10 were somewhat higher in the sera from BALB/c mice. Splenocytes removed from BALB/c mice at 90 min and challenged in vitro with MAM were also beginning to show an increase in type 2 cytokines, but type 1 cytokines IL-2, IFN-␥, and TNF-␣ did not differ from the response seen with cells from C3H/HeJ mice. Following 24 and 72 h of in vivo exposure to MAM, splenocytes from the two mouse strains exhibited totally divergent cytokine profiles following rechallenge with MAM in vitro. BALB/c cells secreted elevated levels of type 2 cytokines and depressed levels of type 1 cytokines, whereas the reverse was true for C3H/HeJ cells. The early finding of elevated IL-12 in the sera and IL-12 mRNA in splenocytes from MAM-injected C3H/ HeJ mice suggests an important role for this cytokine in mediating the profile differences observed in the adaptive responses. IL-12 is known to promote clonal expansion of Th1 cells (65) , and the decreased level of this cytokine in BALB/c cells may at least contribute to the overall type 2 profile seen in this mouse strain in response to MAM. The persisting increased levels of IgG2a in the sera of C3H/HeJ mice are also consistent with the development of a type 1 cytokine profile in these mice.
A key question is why the cytokine profiles induced by MAM in vivo differ in C3H/HeJ versus BALB/c mice. Different mouse strains are known to elicit diverse cytokine responses to various microbial products. Whereas infection by Listeria monocytogenes results in a type 1 response in susceptible C3H/HeJ mice, a type 2 response is seen in resistant BALB/c mice (33) . Leishmania major likewise elicits a type 2 response in BALB/c mice but a type 1 response in C57BL/6 mice (59) . Evidence that the BALB/c mouse is not a "type 2 mouse" per se comes from the observation that whole Bordetella pertussis organisms elicit a type 1 response in this strain, while pertussis toxin results in a mixed response (44, 49, 60) . In addition, Mycobacterium bovis bacillus Calmette Guérin (BCG) also induces a predominantly type 1 cytokine response in BALB/c mice (37, 66) . Although it could be argued that contaminating LPS might be responsible for the differences in response between the LPS-resistant C3H/HeJ and LPS-susceptible BALB/c mice, it should be noted that M. arthritidis does not possess LPS (61) and that all nMAM preparations used here failed to induce a cytokine response in splenocyte cultures from MAM-refractory mouse strains. Differences in genetic background affecting such factors as glucocorticoid hormones (21, 42) can also profoundly affect cytokine profiles. Thus, these hormones are down-regulated in BALB/c mice infected with L. monocytogenes, changing the cytokine profile to a type 1 response, whereas up-regulation of glucocorticoids in the infected C3H/HeJ mouse promotes a type 2 cytokine response (30) . For MAM, the pathways leading to differential cytokine expression remain to be identified.
What are the implications of our observations for under- a Sera were collected from two or three mice at 90 min and 12 h after injection of MAM (10 ng/mouse) in vivo. IL-12 p40 in sera was detected by ELISA as described in Materials and Methods.
b Data for each specific time point were pooled from three experiments and are expressed as means Ϯ SEM.
standing the role of SAgs in disease, particularly that induced by M. arthritidis? The striking difference in cytokine profiles elicited by MAM in arthritis-resistant versus susceptible mouse strains suggests that the type 1 inflammatory cytokine profile seen with MAM in vivo in the arthritis-susceptible C3H/HeJ mouse may also be influencing M. arthritidis-induced joint disease. Arthritis in this strain was more severe and of longer duration than that in the BALB/c mouse, which produced a type 2 protective cytokine profile in response to injection with MAM. Although the mechanism(s) determining the susceptibility or resistance to M. arthritidis-induced disease in different mouse strains is not fully understood, it is well known that type 1 cytokines such as IL-2, IFN-␥, and TNF-␣ can be associated with acute inflammation. Pathologic reactions may also result from defective cross-regulation by IL-4, IL-10, or other cytokines that normally inhibit type 1 effector functions (58, 68) .
In the present study, doses of MAM (10 to 100ng/mouse) which induce a maximal cytokine response in vivo did not induce a significant toxic effect, and clinical arthritis failed to result from i.v. injection of these doses. The apparent inability of MAM alone to cause arthritis and the production of MAM by avirulent strains of M. arthritidis (14) indicate that other factors also influence disease expression. Our present finding that two highly MAMresponsive mouse strains exhibit different degrees of susceptibility to M. arthritidis supports this view. Rat arthritis induced by M. arthritidis is in part dependent upon the expression of certain adhesins (69) , and the virulence of arthritogenic strains is also associated in rats with a newly discovered lysogenic virus (67) . Membranes of the organism contain leukocyte-activating components distinct from MAM (B. C. Cole et al., unpublished observations). Recently, potent lipoprotein macrophage-activating components have been identified in Mycoplasma fermentans (50) . It is likely, therefore, that an interplay between these components and MAM as well as the host genetic factors determines the ultimate outcome of infection with this organism.
An excessive or uncontrolled type 1 cytokine response is known to occur in a number of autoimmune diseases, such as rheumatoid arthritis, insulin-dependent diabetes mellitus, and multiple sclerosis (39, 45, 54) . There is increasing evidence for a role of SAgs in triggering these conditions (56) . In fact, studies from our laboratory have clearly established that MAM can trigger and cause flares in collagen-induced arthritis of mice (12) , and type 1 cytokines are known to be elevated in this model of arthritis as well (43) . Our present finding that MAM also induces a similar type 1 cytokine response in mouse strains that are susceptible to mycoplasma-induced arthritis combined with our recent finding of antibodies to MAM in the sera from rheumatoid arthritis patients (55) further points to the value of the M. arthritidis model for human rheumatoid arthritis.
Although much of the work on the mechanisms of SAg action has been conducted with mice using the staphylococcal SAgs, particularly staphylococcal enterotoxin B (SEB), several findings presented here and elsewhere lead us to believe that the MAM SAg provides certain advantages for these studies. First, MAM is produced by an organism that naturally infects rodents, resulting in a variety of syndromes, including arthritis. Also, MAM is much more potent for murine cells than are the staphylococcal SAgs, and on the basis of the present and previous data (4), amounts of MAM which might be expected to be produced in the host by the organisms have been shown to profoundly affect immune functions in vivo. It is attractive to speculate that changes in the cytokine profiles as seen in the C3H/HeJ and BALB/c mice may play a significant role not only in the disease manifestations of M. arthritidis arthritis but also in other natural diseases for which SAg involvement has been hypothesized. Our current studies are directed toward further defining the interaction of MAM with the murine immune system with a view to eventually understanding how SAgs determine polarization of the adaptive immune response.
